In this study, the qualitative and quantitative analysis of the absolute (100%) and aqueous (80%) methanolic extract of Carica papaya Linn processed seed flour samples in terms of their antioxidant properties and their phenolic compounds was investigated. The antioxidant properties were determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power, and metal chelating assay methods. The protein isolate exhibited higher radical scavenging activity power as compared to other samples. Ferulic acid, caffeic acid, p-coumaric acid, kaempferol-3-glucoside, p-hydroxybenzoic acid, and quercetin-3-galactoside were phenolic compounds isolated with ferulic acid as high as 0.62 mg/DWg. Carica papaya seed isolates and concentrate demonstrated potent antioxidant activity and could be of nutraceutical importance in the pharmaceutical and food industry.
Introduction
Pawpaw is the fruit of Carica papaya which belongs to the genus Carica. It is an invaluable plant that is prevalent throughout tropical Africa and Nigeria and has been the third largest producer globally. [1] In recent years, the role and beneficial effects of this plant which includes the fruit, leaves, and latex (with less emphasis on the seeds), both for its nutritional and medicinal values had attracted much attention from food scientists, health care givers as well as the public. The seeds of the papaya fruits account for about 16% of the fresh fruit weight and each seed is made up of a sarcotesta and endosperm. [2] Pawpaw seed extracts had been shown to demonstrate several medicinal as well as nutritional properties and several species of Caricaceae have been used as medication against a variety of diseases in recent times. [3] It had been argued by scientists that all parts of a pawpaw plant, including the seeds, roots, rinds, and fruits, have positive effects on general health and in prevention of diseases. [4] It is worthy of mention that fermented pawpaw seed had been used to produce the analogue product of the locally produced "Daddawa" normally produced from locust beans as reported by Dakare et al. [5] The growing interest in the substitution of synthetic food antioxidants and antimicrobial agents by natural ones has fostered research on plant sources and the screening of raw materials for identifying new natural food additives with a broad spectrum of antioxidant and antimicrobial activities.
pulp. [9] Converting these papaya waste seeds into an economic viable product will not only help in reducing the cost of disposing this waste, but will also open up a new source of viable business and income to the papaya industry. Processing the seeds into high protein flours such as protein concentrate and isolate with good nutritional and antioxidant properties could serve as a preliminary step toward the utilization of pawpaw seeds as food ingredients which could make them of nutraceutical importance in the pharmaceutical and the food industry, hence the objectives of the study.
Materials and methods
Carica papaya Linn fruits were gathered from pawpaw trees located at various sections of Obafemi Awolowo University, Ile-Ife, Nigeria. The fruits were split opened and the seeds extracted, washed, and de-coated by rubbing briskly with a domestic grater over a plain surface. The seeds obtained were cleaned and oven dried in a Gallenkamp oven (OVB 305, United Kingdom) at 60°C for 12 h. The dried seeds were milled using the Kenwood grinder and sieved through a 300 μm sieve (Endecott's sieve, United Kingdom). The sieved flour was packaged using an air tight container and stored at room temperature until used.
The following chemicals were used for analysis: gallic acid, Folin-Ciocalteu's phenol reagent, anhydrous sodium carbonate (Na 2 CO 3 ), aluminum chloride (Al 2 Cl 3 .6H 2 O), catechin, sodium hydroxide (NaOH), sodium nitrite (NaNO 2 ), sulfuric acid (H 2 SO 4 ), 2,2-diphenyl-1-picrylhydrazyl (DPPH), vanillin, hydrochloric acid (HCl), methanol, acetate buffer; 2,4,6-tri-(2-pyridyl)-1,3,5-triazine, ascorbic acid, FeCl 3 .6H 2 O, FeCl 2 .4H 2 O, and ferrozine and were purchased from Sigma-Aldrich Chem. Co. (United Kingdom). Solvents used for chromatography were of HPLC grade. Water was bi-distillated, and HPLC grade water was obtained by a Milli-Q plus water purification system (Millipore Corp., Bedford, MA).
Experimental design
The modified method of Gbadamosi et al. [10] was employed for the production of the full-fat flour and the defatted flour (Fig. 1) . The full-fat flour was defatted using the cold (4°C) extraction method with acetone as the solvent (flour to solvent ratio 1:5 w/v) stirred over a magnetic stirrer for 4 h (Fig. 1) . The slurry was then filtered through a Whatman No. 1 filter paper and re-extracted twice in a similar fashion. The defatted flour was de-solventized by drying in a fume hood and finely milled in a Kenwood grinder set at high speed to obtain homogenous defatted flours. The defatted flour obtained was stored in an air-tight bottle and kept in a freezer until use.
Carica papaya protein concentrate was prepared by a method described by Chavan et al. [11] as modified by Gbadamosi et al. [10] (Fig. 2) . A known weight (100 g) of the defatted flour was dispersed in distilled water (1,000 ml) to give the final flour to water ratio of 1:10. The dispersion was gently stirred on a magnetic stirrer for 10 min after which the pH of the resultant slurry was adjusted with 0.1 M HCl to the point at which the protein was least soluble (pH 4). This was determined from the solubility profile of the defatted flour during preliminary investigation. The precipitation was allowed to proceed with gentle stirring for 4 h keeping the pH constant. Soluble carbohydrates (oligosaccharides) and minerals were removed by centrifugation at 3,500 × g for 30 min using a centrifuge (Bosch, TDL-5, United Kingdom). The precipitate (concentrate) was washed twice with distilled water and the pH adjusted with 0.1 M NaOH to 7.0 and then centrifuged at 3,500 × g for 10 min. The resultant precipitate (concentrate) was collected and dried in an oven at 45ºC for 8 h.
The protein isolate was prepared from the defatted flour by a method described by Chavan et al. [11] (Fig. 3) . A known weight (100 g) of the defatted flour was dispersed in distilled water (1,000 ml) to give the final flour to liquid ratio of 1:10. The suspended solution was gently stirred on a magnetic stirrer for 10 min. The pH of the resultant slurry was then adjusted with 0.1 M NaOH to the point at which the protein was most soluble (pH 10). The extraction proceeded with gentle stirring for 4 h keeping the pH constant. Non-solubilized materials were removed by centrifugation at 3500 × g for 10 min. The proteins in the extract were precipitated by drop wise addition of 0.1 M HCl with constant stirring until the pH was adjusted to 4.0. The mixture was centrifuged at 3500 × g for 10 min using a centrifuge (Bosch, TDL-5, United Kingdom) in order to recover the protein. After separation of proteins by centrifugation, the precipitate was washed twice with distilled water. The precipitated protein was re-suspended in distilled water and the pH was adjusted to 7.0 with 0.1 M NaOH, centrifuged, and freeze-dried. The freeze-dried protein was stored in air-tight glass containers at room temperature for further use.
For the antioxidant assay, extracts for this analysis were prepared by dissolving 300 mg of the samples in 120 ml of absolute methanol. The suspension was stirred on a magnetic stirrer (Cenco, Netherland) for 4 h and afterward filtered using a Whatman No. 1 filter paper. The filtrate was collected in an amber reagent bottle for use in the antioxidant assay. The same procedure was also used in the preparation of the aqueous methanol extract in the ratio of 80:20 for MeOH:H 2 O solvent. The bulk extraction was used to prepare different concentrations of the extract.
LC-DAD-ESI-MS/MS analysis of phenolic compounds
The method of Rotondi et al. [12] was adopted for the extraction of phenolic fractions for LC-ESI-DAD-MS/MS analysis. Four grams of the flour sample were added to 2 mL of n-hexane and 4 mL of a methanol/water (70/30; v/v) solution in a 10 mL centrifuge tube. This was vigorously mixed using a vortex and centrifuged for 15 min at 5500 rpm. The hydro-alcoholic phase was collected, and the hexane phase was re-extracted twice with 2 mL of methanol/water (70/30; v/v) solution each time. Figure 2 . Scheme for the production of protein concentrate. Adapted from Cheftel et al. [47] as modified by Gbadamosi et al. [12] Defatted Flour (100.0g) Protein isolate Figure 3 . Scheme for the production of protein isolate. Adapted from Chavan et al. [4] Finally, the hydro-alcoholic fractions were combined, washed with 2 mL of n-hexane to remove the residual samples, concentrated, and evaporated in vacuum at 35°C. The dry extracts were resuspended in 0.5 mL of a methanol/water (50:50, v/v) solution and filtered through a 0.2 μm nylon filter (Whatman Inc., Clifton, NJ) before being analyzed by LC-ESI-DAD-MS/MS. The procedure described by Kelebek et al. [13] was used for the determination of the phenolic compounds using an Agilent 1100 HPLC system (Agilent Technologies, Palo Alto, California, USA). The HPLC system operated by the Windows NT-based ChemStation software was utilized and the equipment was used along with a diode array detector (DAD). Phenolic compounds were eluted under the following conditions: 0.5 ml min -1 flow rate with temperature set at 25°C; isocratic conditions from 0 to 5 min with 0% B; gradient conditions from 0% to 5% B in 20 min; from 5% to 15% B in 18 min; from 15% to 25% B in 14 min; from 25% to 50% B in 31 min; from 50% to 100% B in 3 min; followed by washing and reconditioning of the column. The ultra-violet-visible spectra (scanning from 200 nm to 600 nm) were recorded for all peaks. Triplicate analyses were performed for each sample. The identification and assignation of each compound were performed by comparing retention times and UV spectra to authentic standards; and confirmed by an Agilent 6430 LC-MS/MS spectrometer equipped with an electrospray ionization source. The electrospray ionization mass spectrometry detection was performed in a negative ion mode with the following optimized parameters: capillary temperature 400°C, N2 12 L/min; nebulizer pressure, 45 psi (Kelebek et al. [13] ). Data gaining was performed using the Multiple Reactions Monitoring (MRM) method that solely monitors specific mass transitions during pre-set retention times. Phenolics were identified by comparing their retention time and UV-vis data with those obtained with reference standards as well as co-chromatography with added standards and using their mass spectra (m/z 200-600). Quantitative data for phenolics were obtained by calibration curves constructed with known standards.
Antioxidant assay

2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH) assay
The radical scavenging ability of the extract was determined using the stable radical DPPH as described by Pownall et al. [14] The reaction of DPPH with an antioxidant compound which can donate hydrogen, leading to its reduction. The change in color from deep violet to light yellow was measured spectrophotometrically at 517 nm. To 1 ml of different concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 mg/ml) of the samples or standard (vitamin C) in a test tube was added 1 ml of 0.3 mM DPPH in methanol. The mixture was mixed and incubated in the dark for 30 min after which the absorbance was read at 517 nm against a DPPH control containing only 1 ml methanol in place of the samples. The percentage of inhibition was calculated in the following way:
where A control is the absorbance of the control reaction (containing all reagents except the test compound) and A sample is the absorbance of the test compound. A standard curve was prepared by plotting inhibition percentage against sample concentration with a linear range of 0.25-2.5 mg/ml.
Determination of ferric reducing antioxidant power (FRAP)
The FRAP assay was estimated based on a method described by Benzie and Strain. [15] The principle of this method is based on the reduction of a colorless ferric-tripyridyltriazine complex to its blue ferrous colored form due to the donation of electrons by antioxidant compounds. A 300 mmol/L acetate buffer of pH 3.6, 10 mmol/L 2,4,6-tri-(2-pyridyl)-1,3,5-triazine and 20 mmol/L FeCl3.6H2O were mixed together in a ratio of 10:1:1, respectively, to give the working FRAP reagent. A 50 μl aliquot of each sample at 1 mg/ml and 50 μl of standard solutions of ascorbic acid (50, 100, 150, 200, 250 µg/ml) were separately added to 1 ml of FRAP reagent. The mixture was well mixed and the absorbance was measured at 593 nm against reagent blank (50 µl of distilled water and 1 ml of FRAP reagent) after allowing reaction to complete at exactly 10 min. The reducing power was expressed as equivalent concentration (EC) which is defined as the concentration of antioxidant that gave a ferric reducing ability equivalent to that of the ascorbic acid standard. A standard curve was prepared with a linear range of 0.5-2.5 mg/ml using ascorbic acid as the standard, to calculate the equivalent concentration based on the absorbance obtained for the samples, and it was expressed as ascorbic acid equivalent per gram of the sample (AAE/g of the sample).
Metal chelating ability assay
The metal-chelating assay was carried out according to the method of Singh and Rajini [16] with some modifications. Solutions of 2 mM FeCl 2 ·4H 2 O and 5 mM ferrozine were separately diluted 20 times. Briefly, an aliquot of 1 ml of the different concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 μg/ml) of each sample was mixed with 1 ml of diluted FeCl 2 ·4H 2 O. After 5 min incubation, the reaction was initiated by the addition of 1 ml of diluted ferrozine. The mixture was shaken vigorously and after a further 10 min incubation period the absorbance of the solution was measured spectrophotometrically at 562 nm. The percentage inhibition of ferrozine-Fe +2 complex formation was calculated by using the formula:
where A control = absorbance of control sample (the control contains mixture of FeCl 2 and ferrozine) and A sample = absorbance of a tested samples.
Determination of the total phenol content (TPC)
The total phenols were determined with a Folin-Ciocalteu reagent according to the procedure described by Singleton and Rossi. [17] Gallic acid was used as the standard for the calibration curve and results were expressed as gallic acid equivalents (GAE µg/g) of extracts. Table 1 lists the compounds identified according to different families, including the information provided by HPLC-DAD-ESI-MS/MS analysis: retention time, λ max in the ultraviolet region, molecular ions, main fragment ions in MS/MS, and tentative identification. A total of six phenolic compounds were identified and quantified in the WF, DF, PC, and PI. These include p-hydroxybenzoic acid, caffeic acid, p-coumaric acid, ferulic acid, quercetin-3-galactoside, and kaempferol-3-glucoside. Ferulic acid is the major phenolic compound in experimenter samples, followed by caffeic acid and p-coumaric acid as they constitute the large proportion of the total phenolic content ( Table 2 ). These three compounds were also reported to be in higher concentration in papaya skin as earlier reported by Sancho et al. [18] . Ferulic acid had a concentration of 0.62, 0.41, 0.38, and 0.26 mg/ DWg for its PI, PC, DF, and WF. The least concentration for the identification of phenolic compounds for the PI, PC, DF, and WF is kaempferol-3-glucoside (Table 3 ). Phenolic compounds have been reported to have anticarcinogen, antiradical, and antimutagenic properties and likewise protect plants from UV radiation. [19, 20] Barone et al. [21] stated that ferulic acid synthesis occurs from phenylalanine via the shikimate. Kawabata et al. [22] reported that ferulic acid had the anticarcinogenic effect on colon cancer in rats, and this was correlated with the ability to scavenge free radicals and stimulate the cytoprotective effect of various enzymes. Caffeic acid found in many fruits, vegetables, and coffee is commonly found in esterified form with quinic acid, also known as chlorogenic acid. [23] Da Cunha et al. [24] observed that caffeic acid and its derivatives exert antiinflammatory activity both in vitro and in vivo, and this activity was due in part to the removal of nitric oxide (NO) and its ability to modulate the expression of INOS (inducible nitric oxide synthase). p-Coumaric acid is an intermediate in the synthesis of phenylpropanoids and has been shown to have antioxidant properties, lowers cholesterol, and provides a defense mechanism against atherosclerosis (Sancho et al. [18] ). Zang et al. [25] reported that p-coumaric acid oral administration (317 mg/day for 30 days) inhibited the oxidation of Low Density Lipoprotein (LDL), reduced serum cholesterol levels and did not affect High Density Lipoprotein levels (HDL), while also contributing considerably to the antioxidant capacity, which is directly related to the removal of ROS. The health benefits of phenol compounds are associated with their role in the prevention of several disorders, related to the damaging effect of oxygen free radicals and ROS as earlier stated by Valko et al. [26] Liu [27] found that ferulic acid is covalently conjugated to polysaccharides present in the cell wall, lignin, glycoproteins, and insoluble carbohydrate biopolymers. Among the antioxidant and antiinflammatory properties that have ferulic acid, it has been observed that it has positive effects on Alzheimer's disease.
Results and discussion
The DPPH radical is a stable organic free radical with an adsorption peak at 517 nm. Adsorption disappears when accepting an electron or a free radical species, which results in a noticeable discoloration from purple to yellow Liu et al. [27] As shown in Figs. 4a and 4b , the DPPH radical scavenging activities of all the extracts were influenced by the sample concentration. The DPPH scavenging activity of the extracts followed the following order: PI ˃ PC ˃ DF ˃ WF. At all concentration levels irrespective of the medium of extraction, PI exhibited the highest free radical scavenging activity value (66.23% and 97.57% at 2.5 mg/ml) followed by PC (53.80% and 89.07% at 2.5 mg/ml) and DF (53.47% and 88.92% at 2.5 mg/ml), 100% and 80% methanolic extract, respectively, while the lowest DPPH radical-scavenging activity was obtained with the full-fat flour at the same concentration. The DPPH radical scavenging activity of all samples was also observes to increase in a concentration dependent manner. This observation is in agreement with the report of Delfanian et al. [28] who stated that increased in scavenging free radicals activities were as a result of increased phenolic compounds at higher concentrations of the extracts. With increasing concentrations of phenolic compounds, the number of hydroxyl groups available in the reaction medium also increases, thus the possibility of hydrogen donation to free radicals increased also. The differences in the radical scavenging ability found here might be attributed to the difference in composition and/or nature, type and pattern of distribution of amino acids within protein molecules. The DPPH radical scavenging activity of all the extracts showed antioxidant potency based on IC 50 values and a lower IC 50 value indicates a higher antioxidant activity while a higher IC 50 value indicates a lower antioxidant activity. The IC 50 values as shown in Table 3 for the PI-WF ranges from 0.266 to 0.109 mg/mL. The aqueous methanol extract had lower IC 50 value compared with absolute methanol extract (not listed in the table). This implies that aqueous methanol was a better solvent for extraction of antioxidant compounds in all samples. This observation agrees with the findings of Kang et al. [29] and Siddiq et al. [30] who reported that polar extracts often exhibited stronger activity than non-polar extracts. In summary, Carica papaya protein isolates extracts from both aqueous and absolute methanol were observed to have higher antioxidant activities at all concentrations which might be attributed to greater proportions of proteins in the sample and exposure of those amino acids to oxidative reactions like histidine which are capable of scavenging free radicals.
The ferric reducing power is considered a defense mechanism which is related to the ability of the antioxidant agents to transfer electron or hydrogen atom to oxidants or free radicals. [31] This reducing power activity, which may serve as a significant reflection of antioxidant activity, was determined using a modified Fe (III) to Fe (II) reduction assay; the yellow color of the test solution changes to various shades of green and blue depending on the reducing power of the samples. The presence of antioxidants in the samples causes the reduction of the Fe 2+ /ferricyanide complex to the ferrous form. Therefore, Fe 3+ can be monitored by measuring the formation of Perls Prussian blue at 593 nm. [32] The reducing power of ascorbic acid (a well-known antioxidant) was use as the antioxidant equivalent to determine the reducing antioxidant power of the samples. In all tested samples, the reducing power was linearly dependent on the concentration of the samples (Fig. 5) . Comparing the 80% methanolic extracts and 100% methanolic extracts, PI exhibited the highest ferric reducing antioxidant power (FRAP) value (1.00 and 0.87 AAE at 2.5 mg/ml) followed by PC (0.90 and 0.68 AAE at 2.5 mg/ml) and DF (0.85 and 0.61 AAE at 2.5 mg/ml) while the lowest FRAP was obtained with the full-fat flour at the same concentration. The difference in their reducing power can be attributed to the difference in their polyphenolic content as reported Wang and Tang [33] on the antioxidant properties of Buckwheat protein isolates. These results suggest that Carica papaya seed products processed into flour with high protein concentration such as its concentrate and isolate content have excellent reducing power, thus exhibiting good potential to be applied as food ingredients with the ability to inhibit Fe 3+ -Fe 2+ transformation. Figures 6a and 6b shows the metal chelating ability of the samples in the range of 0.5-2.5 mg/ml. In this case, ethylene diamine tetra-acetic acid (EDTA), a well-known metal ion chelating agent was applied as the reference. The metal chelating ability of all the samples increased with increasing concentration of the samples. At a concentration of 2.5 mg/ml, extracts of PI exhibited the highest metal ion-chelating ability value for both the 100% and 80% methanolic extracts followed by PC and DF respectively, while the lowest chelating ability was obtained with WF. The high metal ion-chelating ability observed in PI might be due to the molecular and amino acid composition of the proteins in the sample. Some amino acids, such as histidine, tyrosine, methionine, and cysteine, have been reported to show antioxidant activity. [34] In particular, histidine exhibited strong radical scavenging activity due to the decomposition of its imidazole. [34] Disruption of the protein tertiary structure which increased solvent accessibility of amino acid residues capable of scavenging free radicals and chelating pro-oxidative metals might be the reason for this observed increase. [35] The metal ion-chelating (MIC ability) of the extracts revealed antioxidant potency based on the IC50 values in comparison with EDTA. The IC50 value for the protein isolate for the absolute methanol extract was 0.569 mg/ml which was higher than the 0.352 mg/ml value gotten for aqueous methanol extract which implied that the aqueous methanol extracts had better metal chelating ability than the absolute extract. This observation is in agreement with the report of Kang et al. [29] and Siddiq et al. [30] who reported that methanol-water mixture has high polarity and thus greater efficacy toward the extraction of polar phytochemicals such as phenolic and flavonoids. Also, the higher metal chelating ability of the protein isolates may be attributed to greater exposure of effective sites capable of chelating ferrous ions.
Several findings which involve in vivo and in vitro studies have linked polyphenols of plants to health benefit in humans when consumed. Such benefits includes prevention of certain types of cancer, reduction in the risk of cardiovascular diseases, prevention of obesity and diabetes, and improved functioning of the immune system. [36, 37] These health benefits can be said to be as a result of their antioxidant properties which has the ability to neutralize free radicals through their inherent redox activities. Apart from been called radical scavengers, they are also known as metal chelators capable of reducing the rate of Fenton reaction, thereby preventing oxidation caused by highly reactive hydroxyl radicals. [38] To determine the role that the polyphenol present in the protein isolates extracts responsible for the antioxidant activities detected makes to the radical scavenging activities of the sample, a correlation analysis was performed (Fig. 4A) . The total polyphenol content of extracts obtained under different analytical conditions was found to exhibit a linear relationship to the radical scavenging antioxidant activity (Fig. 7) . The presence of such a correlation suggests that high yielding aqueous extraction of polyphenols from Carica papaya protein isolates shows great potential for use in techniques investigating human health benefits. Further studies on the link between the polyphenols of these product and health benefits are therefore highly recommended.
Conclusion
The phenolic screening, TPCs determination and the antioxidants activities studies of Carica papaya protein concentrates and isolates were assessed for the first time. The antioxidant capacity and TPC suggest that the antioxidant activities of the seeds can be mainly ascribed to the phenol compounds. Aside their strong antioxidant activities, these results revealed that the defatted flour, protein isolates, and concentrates make these seeds a promising source of natural antioxidants and other bioactive compounds that could find usefulness in the food and pharmaceutical industries. . Radical scavenging and antioxidant activity: correlation of polyphenols on free radical scavenging and total antioxidant activities in Carica papaya protein isolate.
